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Substantial text mining efforts are being devoted to
detect protein mentions and protein-protein interaction
(PPI) relations from scientific articles [1,2]. In this con-
text, the BioCreative challenge showed that the correct
identification of the individual interactor proteins is still
a challenging task, especially when using full text articles
[2]. A systematic analysis of particularities of protein
mentions in the context of interaction descriptions was
nonetheless missing. Experimental biologists often use
specific fusion proteins or protein-tags such as -GST,
-His, -Myc, FLAG-, antibodies or fluorescent protein
(GFP, YFP, CFP and RFP) tags to detect and visualize
interactions. These tags are often mentioned as affixes
of the target proteins in the literature. The importance
of affixes in biomedical text mining had been addressed
in case of affixal negation expressions [3], to consider
general posttranslational modifications of proteins [4]
and can be observed in trigger verbs used for interaction
extraction [5].

We carried out a detailed study on the presence of
common affixes belonging to interactor protein men-
tions in full text sentences considered by database
curators as evidential support for experimentally char-
acterized physical protein interactions. Furthermore,
we tried to determine whether specific affixes might be
useful to detect PPI relevant articles and to correlate
affix mentions with particular interaction detection
methods.
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Based on examination of over 3,000 of the previously
referred interaction evidence passages we have compiled
a collection of 277 interaction relevant affixes (89 suf-
fixes, 176 prefixes and 12 that could be both), which
were structured into 36 affix tag classes (26 super-affix
and 10 combined or sub-affix classes). Figure 1A shows
the frequency of mention of each of the affix tag classes.
In the resulting PPI affix dictionary (PPIAD), each affix
tag class has been manually linked to experimental qua-
lifiers represented by associated PSI-MI ontology [5]
concepts by considering their concept definitions. Addi-
tionally, statistical associations of affix tag classes to
PSI-MI interaction detection method concepts have
been derived through curator-based annotations of the
evidence passages. To overcome the limited scope and
lexical coverage of terms contained in the PSI-MI ontol-
ogy we build the BioMethod Lexicon, a collection of
experimental method terms important for protein inter-
action and gene regulation relations, and characterized
method term co-mentions with affix tag classes.

Within a total set of 6,300 interaction evidence sen-
tences, 1,946 (31 %) mentioned at least one interaction
relevant affix, which shows that it is a relatively common
feature of interaction descriptions. Using statistical analysis
of associations between affix classes and interaction detec-
tion method annotations (Chi-square test) we discovered
that some of the affix classes showed strong associations
to interaction methods, such as between: MI:0096 - AF 21
(ML pull down and PPIAD: gst_pull_down_tag), ML:0676
- AF_6 (tandem affinity purification and Tandem_Affini-
ty_Purification_tag), MI:0018 - AF_10 (two hybrid and
Gal4_tag), MI:0006 - AF_4 (anti bait coimmunoprecipita-
tion and Antibody_tag), MI:0055 - AF_15 (fluorescent
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Class Cnt Affix class name Examples
AF_ 21 55— GR_puil_Oowen_tag asT
A'_. 11— myc_tag Myc-
AF_4 717 ——— Artbody._tag van
AF_2 557 —— et woped
AF_22 304 EE— Pemaggltiren_tay HA
AF_9  37) we— fag_tag UG
AF_12 215 — 9 een Nuorescent proten tag Gre-
AF_15 202 N—— velom _fudrescent proten_tag Al
AF_23 110 - s tag solyantdne
AF_10 107 == Gald_tag GAL4
AF_17 104 cyan_fucrescent_proten_tag o
AF_23_a 70 "= Nsh_tag Gutas
AF_27 S57= v3_tag Vs
AF_7 54 = Y54_radislabel_tog 35[5 ) methicrine
AF_6 45 = Tandem_Anty_Pusfication_tag e
AF_26 9. makcse Bty proten_tag vap
AF_28 . bo_tag 8o
AF_14 20° red_fuorescont_proten_tag RIP
AF_24 15! v_ug 7
AF_11 12! DeO_tag 000
AF_13 8! erhanced_(reen_futrescent_seoten tag £GP
AF_16 6! erhanced_yelom fluorescent protein_tag EYTP-
AF_I' 4 | comdean_Tuorescert proten_tag Crre
AF_25 4’ 1251_racsclabel_tag (1257)
AF_10_11 3 Galsbeo_tag Calbe0
AF_7_22 3 355_HA_t2g 355-HA
AF_8_23 2 Ms_myc_tag M3-C-MyT
AF_18 2 erhanced_cyan_fuorescent_groten_tag e
AF_7_8 2 ¥%4_mve 355y~
AF_7_9 2 3% _fag tag 355 oy
AF_23_27 2 vS_Ms_tag WSt
AF_9_12 1 GFP_FLAG_tag GFP-FLAG
AF_8_23 a 1 Ms_myc_tag Gotis Myc
AF_5 1 botin_tag botn
AF_9_23 1 Ms_fag tag Hs-FLAG
AF_20 1 Qulemicne_tag (G5H)
0 500 1000 1500 2000
B [12006645] In a reciprocal experiment using an anti-SpCded S antibody, SpSid3-FLAG coprecipitated with SpCdc4$
[10075709] HA-p14 was co-precipitated with Flag-p160 (lane 8), demonstrating their interaction in vivo,
[17657516] Mye-CCM2 did coprecipitate with Flag-CCM3
[11731480) Sas2 coimmunoprecipitated with myc-Sas4 and HA-Sas5.
(12065423 ] Figure 6A shows that SMC was co-precipitated with ScpA-YFP and with ScpB-YFP
C PPIL1332 PROTEIN is bound by GST-PROTEIN PPI_4554 PROTEIN could be affinity precipitated by GST-PROTEIN
PPI_1125 PROTEIN bound stroagly to GST-PROTEIN PPI_4556 PROTEIN was pulled down by Gst-PROTEIN
PPI_1666 phosphorylation of GST-PROTEIN by purified PROTEIN PPI_5952 PROTEIN was retained by GST-PROTEIN
PPI_169] HA-PROTEIN was co-precipitated with Flag-PROTEIN PPI_6390 PROTEIN(His)6 was found to copurify with S-tagged PROTEIN
PPI_3822 PROTEIN coprecipitated with anti-PROTEIN PPI_6409 PROTEIN:YFP and PROTEIN:CFP proteins are colocalized
PPI_4349 myc-PROTEIN coimmunoprecipitated with PROTEIN PPI_993 PROTEIN could phosphorylate GST-PROTEIN
Figure 1 Main affix classes and their frequencies in the interaction evidence sentences (A). Example sentences with affix mentions (bold),
affix target names (red), and interactor mentions without affixes (blue) are highlighted (B). Example interaction expression patterns containing
affix related mentions (C).

resonance energy transfer and yellow_fluorescent_pro-
tein_tag), MI:0809 - AF_15 (bimolecular fluorescence
complementation and yellow_fluorescent_protein_tag) or
MI:0007 - AF_22 (anti tag coimmunoprecipitation and
hemagglutinin_tag). This could be important to detect
experimentally validated interactions and even to help
associating some of them to potential interaction detection
methods.

To determine if interaction affix mentions might be
exploited for finding PPI relevant papers, the

distribution of affix mentions across relevant and non-
relevant full text articles from BioCreative IL.5 training
and test set was examined, showing that some of the
affix classes were more frequently linked to PPI relevant
articles. This indicates that they could be exploited as
additional features for an article selection task.

At the level of identification of interactor proteins and
interaction pairs through these affixes additional analysis
is required. However, it is clear that dictionary look-up
based strategies for detecting mentions of proteins need
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to take into account affix handling for correct interactor
identification from mention strings. For detecting inter-
action pairs, affix mentions can be a criterion for cases
where other strategies are not able to retrieve interac-
tions for co-mentioned entities or fail to determine
whether the interaction has been experimentally proven.
Difficulties encountered by affix-based PPI extraction
relate to recall when one of the interactors does not dis-
play a valid affix and to precision when only some of
the affix-mentioning proteins do show interactions (Fig.
1B). To address these issues, a manual collection of 799
affix relevant interaction expression patterns has been
constructed (Fig. 1C). Additional materials and the
PPIAD are available at: http://www.cse.iitm.ac.in/
~ashishvt/research/PPIAD/.
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